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Description 

BACKGROUND OF THE INVENTION 



1. Reld of the Invention 



[0001] The present invention relates to a temperature control method and a temperature control apparatus for con- 
trolling a temperature of an object to be heat-treated, a heat treatment apparatus in which the temperature control 
apparatus is adopted and a program used in these apparatuses and method, more particularly to a technology suitable 
for controlling a temperature of an object to be heat-treated by a multi-input/output interference system 

2. Description of the Related Art 



[0002] When a glass substrate for FPD (flat panel display) is subjected to a heat treatment, for example, a continuous 
furnace comprising a plurality of heat treatment zones is conventionally used (for example, see No. 2003-279256 of the 
Publication of the Unexamined Japanese Patent). 



SUMMARY OF THE INVENTION 



20 [0003] In the heat treatment using the continuous furnace, an object to be heat-treated such as the glass substrate is 
run in a plurality of furnaces continuous in the horizontal direction to be subjected to the heat treatment therein. It is 
necessary for the heat treatment to be applied so that a temperature profile showing how a temperature of the heat- 
treatment object running in the continuous furnaces changes overtime corresponds to a targeted desirable temperature 
profile. In order to obtain the correspondence, preset temperatures of the plurality of continuous furnaces and the like 

25 are adjusted. 

[0004] In the adjustment of the preset temperatures and the like, first, a temperature profile of a test heat-treatment 
object provided with a temperature sensor that is run in the continuous furnaces is measured. Then, the preset temper- 
atures of the respective furnaces and the like are adjusted so that the measured temperature profile corresponds to the 
desiredtemperature profile. However, the adjustment disadvantageous^ relies on an experience and atechnical intuition 
of a skilled technician and may undergo individual differences. As another disadvantage, a number of steps are required 
because the object to be heat-treated is repeatedly run in the continuous furnaces in the adjustment. 
[0005] The present invention was implemented in order to solve the foregoing problems, and a main obj ect thereof 
is to facilitate an adjustment operation in order to apply a heat treatment to an object to be heat-treated in a desired state. 
[0006] 1 ) A temperature control method according to the present invention is a method of controlling temperatures of 
a plurality of heat-treatment zones in a heat treatment applied to an object to be heat-treated while the object is moved 
in the plurality of continuous heat-treatment zones, wherein a correction value for correcting at least one of a targeted 
temperature and a detected temperature of each of the heat-treatment zones is calculated based on a difference between 
a temperature of the heat-treatment object and a temperature of a desired temperature profile. 
[0007] The heat treatment includes a heating treatment and a cooling treatment. The heat-treatment zone is an interval 
(range) to which the heat treatment is applied. The heat-treatment zones are preferably respectively provided with at 
least a heating device and/or a cooling device so that the temperature is preferably controlled in each of the heat- 
treatment zones. 

[0008] In the plurality of continuous heat-treatment zones, the respective heat-treatment zones may be continuous in 
the horizontal direction or in the vertical direction. 

[0009] The temperature of the heat-treatment obj ect is preferably measured while the heat-treatment object is moved 
in the plurality of heat-treatment zones in the same manner as in the heat treatment, or may employ an initial temperature 
of the obj ect to be heat-treated prior to application of the heat treatment thereto. 

[0010] The correction value is preferably a value capable of minimizing the difference between the temperature of the 
heat-treatment object and the temperature of the desired temperature profile. 

[001 1 ] According to the present invention, the correction value for correcting at least one of the targeted temperature 
(preset temperature) and the detected temperature (inputted temperature) is calculated based on the difference between 
the temperature of the heat-treatment object and the temperature of the desired temperature profile. Accordingly, the 
targeted temperature and the detected temperature can be corrected based on the calculated correction value without 
the adjustment of the targeted temperature (preset temperature) and the like in a trial-and-error approach as in the 
55 conventional technology. 

[0012] 2) In a temperature control method according to an embodiment of the present invention, the temperature of 
the object to be heat-treated is preferably obtained from temperatures measured at a plurality of measuring points where 
the temperature is measured while the heat-treatment object is moved in the plurality of heat-treatment zones 
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[0013] The measuring point refers to a point at which the temperature of the heat-treatment object is planned to be 
measured in the plurality of heat-treatment zones, that is a position of the heat-treatment object whose temperature is 
planned to be measured in the plurality of heat-treatment zones. As the measuring point, a point at which the temperature 
of the object to be heat-treated more possibly corresponds to the temperature of the desired temperature profile is 
preferably selected. 

[0014] According to the embodiment, the correction value is calculated based on the difference between the temper- 
ature of the heat-treatment object measured at each of the plurality of measuring points where the object is moved in 
the plurality of heat-treatment zones for the measurement and the temperature of the desired temperature profile. As a 
result, the targeted temperature and the detected temperature can be accurately corrected in comparison to the correction 
using the initial temperature of the object to be heat-treated or the like. 

[0015] 3) The temperature control method according to the embodiment in 2) comprises a first step for applying the 
heat treatment by moving the obj ect to be heat-treated in the plurality of heat-treatment zones and measuring the. 
temperature of the object to be heat-treated, a second step for obtaining a degree of interference between the heat- 
treatment zones at each of the plurality of measuring points of the object to be heat-treated when the targeted temperature 
is changed based on the measured temperature of the object to be heat-treated, and a third step for calculating the 
correction value based on the obtained degree of interference. 

[0016] The degree of interference refers to a degree of influence due to the interference between the heat-treatment 
zones to which the obj ect to be heat-treated at each measuring point is subj ected when the targeted temperature of 
each of the heat-treatment zones is changed. More specifically, "rt is a degree of influence that the heat-treatment object 
at each measuring point undergoes, which is brought by an interference between a heat-treatment zone and another 
heat-treatment zone thermally continuous thereto when the targeted temperature of one of the heat-treatment zones is 
changed, 

[0017] The degree of influence may be obtained from actual measurements, and is preferably estimated based on a 
model including the heat-treatment zones and the heat-treatment object. 

[001 8] According to the present embodiment, when the targeted temperature is changed, the degree of influence that 
the object to be heat-treated at each measuring point undergoes, that is a variation of the temperature of the object to 
be heat-treated at the respective measuring points relative to a variation of the targeted temperature, is previously 
obtained as the degree of interference. Therefore, how the targeted temperature should be changed in order to change 
the temperature of the obj ect to be heat-treated at each measuring point so as to correspond to the temperature of the 
desired temperature profile can be obtained in the form of the correction value based on the degree of interference. As 
a result, when the targeted temperature and the detected temperature are corrected based on the correction value, the 
targeted temperature and the detected temperature in heat-treating the heat-treatment object in accordance with the 
desired temperature profile can be more easily adjusted. 

[0019] 4) The temperature control method according to the embodiment in 3) may further include a fourth step for 
correcting at least one of the targeted temperature and the detected temperature based on the calculated correction value. 
[0020] According to the embodiment, at least one of the targeted temperature and the corrected temperature can be 
automatically adjusted based on the calculated correction value. 

[0021] 5) In the embodiment in 3) or 4), a matrix showing a relation between the variation of the targeted temperature 
and the temperature variation of the heat-treatment object at the plurality of measuring points may be obtained based 
on the measured temperature of the heat -treatment object in the second step, and the correction value may be calculated 
by means of an inverse matrix of the matrix in the third step. 

[0022] According to the embodiment, the correction value is obtained by means of the inverse matrix of the matrix 
showing the relation between the variation of the targeted temperature and the temperature variation of the heat-treatment 
object at the plurality of measuring points obtained in the second step. Accordingly, the targeted temperature and the 
detected temperature can be corrected based on the correction value without the adjustment of the targeted temperature 
in the trial-and- error approach as in the conventional technology. 

[0023] 6) According to the embodiment in 5), a mode! including the heat-treatment zones and the heat-treatment 
object may be generated based on the targeted temperature of each of the heat-treatment zones and the measured 
temperature of the obj ect to be heat-treated so that the matrix can be obtained by means of the generated model in the 
second step. 

[0024] According to the embodiment, the matrix showing the relation between the variation of the targeted temperature 
and the temperature variation of the heat-treatment object at the plurality of measuring points is obtained by means of 
the model including the heat-treatment zones and the heat-treatment obj ect. As a result, it becomes unnecessary to 
measure the temperature variation of the object to be heat-treated at the plurality of measuring points by actually changing 
the targeted temperatures of the respective heat-treatment zones. 

[0025] 7) A temperature control apparatus according to the present invention comprises a temperature adjusting 
device for controlling temperatures of a plurality of continuous heat-treatment zones in a heat treatment applied to an 
object to be heat-treated while the object is moved in the plurality of heat-treatment zones and a correcting device for 
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calculating a correction value based on a difference between a temperature of the object to be heat-treated and a 
temperature of a desired temperature profile, wherein the temperature adjusting device controls the temperatures of the 
respective heat-treatment zones based on a targeted temperature and a detected temperature of each of the heat- 
treatment zones and corrects at least one of the targeted temperature and the detected temperature based on the 
correction value. 

[0026] The correcting device preferably comprises an PLC (programmable logic controller) and a personal computer. 
[0027] According to the present invention, the correction value for correcting at least one of the targeted temperature 
and the detected temperature is calculated based on the difference between the measured temperature of the heat- 
treatment object and the temperature of the desired temperature profile. Therefore, it becomes unnecessary to adjust 
the targeted temperature and the like in the trial-and-error approach as in the conventional technology, and the targeted 
temperature and the detected temperature can be corrected based on the calculated correction value. 
[0028] 8) In a temperature control apparatus according to an embodiment of the present invention, the temperature 
of the heat-treatment object is preferably the temperature of the heat-treatment object measured at each of the plurality 
of measuring points while the object is moved in the plurality of heat-treatment zones. 

[0029] According to the embodiment, the correction value is calculated based on the difference between the temper- 
ature of the object to be heat-treated measured at each of the plurality of measuring points while the object is moved in 
the plurality of heat-treatment zones and the temperature of the desired temperature profile. Therefore, the correction 
in the foregoing manner can be more accurate than in a case where an initial temperature of the heat-treatment object 
is used. 

[0030] 9) According to the embodiment in 8), the correction device may calculate the correction value based on a 
degree of interference between the heat-treatment zones at each of the plurality of measuring points of the heat-treatment 
object when the targeted temperature is changed. 

[0031] According to the present embodiment, the correction value for correcting the targeted temperature and the 
detected temperature can be obtained based on the degree of interference, which facilitates the adjustment operation 
for correcting the targeted temperature and the detected temperature in the application of the heat treatment based on 
the desired temperature profile. 

[0032] 1 0) In the embodiment in 9), the correction device may obtain a matrix showing a relation between a variation 
of the targeted temperature and a temperature variation of the heat-treatment object at the plurality of measuring points 
based on the measured temperatures of the heat-treatment object while the object is moved in the plurality of heat- 
treatment zones and calculates the correction value using an inverse matrix of the matrix. 

[0033] According to the embodiment, the correction value is obtained by means of the inverse matrix of the matrix 
showing the relation between the variation of the targeted temperature and the temperature variation of the heat-treatment 
object at the plurality of measuring points. Therefore, when the targeted temperature and the detected temperature are 
corrected based on the correction value, it becomes unnecessary for an operator to make adjustments in the triai-and- 
error approach. 

[0034] 11) In the embodiment in 1 0), the correction device may comprise a model including the heat-treatment zones 
and the object to be heat-treated obtained based on the targeted temperature of each of the heat-treatment zones and 
the measured temperature of the object to be heat-treated, wherein the matrix is obtained by means of the model. 
[0035] According to the embodiment, the model including the heat-treatment zones and the object to be heat-treated 
is used to obtain the matrix. Therefore, it becomes unnecessary to measure the temperature variation of the heat- 
treatment object at the plurality of measuring points by actually changing the targeted temperature of each of the heat- 
treatment zones. 

[0036] 1 2) A heat treatment apparatus according to the present invention comprises the temperature control apparatus 
according to the present invention, and a continuous processing device comprising a plurality of continuous heat-treat- 
ment zones and subjected to a temperature control by the temperature control apparatus. 

[0037] The continuous processing device comprises the plurality of continuous heat-treatment zqnes, examples of 
which are a reflow furnace and a continuous baking furnace. 

[0038] The present invention facilitates the adjustment operation for correcting the targeted temperature and the 
detected temperature for heat-treating the heat-treatment object at a desired temperature. 

1 3) A program according to the present invention is a program used in a temperature control for controlling temperatures 
of a plurality of continuous heat-treatment zones in a heat treatment applied while an object to be heat-treated is moved 
in the heat-treatment zones, and makes a computer execute the following steps: a first step for inputting a temperature 
data of the object to be heat-treated measured in the heat treatment applied while the object to be heat-treated is moved 
in the plurality of heat-treatment zones; a second step for obtaining a degree of interference between the heat-treatment 
zones at a plurality of measuring points of the heat-treatment object when a targeted temperature of each of the heat- 
treatment zones is changed based on the inputted temperature data of the heat-treatment object, and a third step for 
calculating a correction value for correcting at least one of the targeted temperature and a detected temperature of each 
of the heat-treatment zones based on the degree of interference and a difference between a temperature of the heat- 
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treatment object and a temperature of a desired temperature profile . 

[0039] According to the present invention, the program is executed by the computer so that the correction value for 
correcting the targeted temperature and the detected temperature canbe obtained based on the previously measured 
degree of interference. Therefore, the adjustment operation for correcting the targeted temperature and the detected 
temperature for heat-treating the object to be heat-treated at a desired temperature is facilitated. 
[0040] The program according to the present invention may be recorded on a computer-readable recording medium 
such as a flexible disk, a hard disk, an optical disk, a magnetic optical disk, CD-ROM, a magnetic tape, a non-volatile 
memory card and ROM. 

[0041] As described so far, according to the present invention, the correction value for correcting at least one of the 
targeted temperature and the detected temperature is calculated based on the difference between the measured tem- 
perature of the heat-treatment object and the temperature of the desired temperature profile. Then, the targeted tem- 
perature and the detected temperature can be corrected based on the calculated correction value without the adjustment 
of the targeted temperature and the like in the trial-and-error approach as in the conventional technology. As a result, 
the adjustment operation can be facilitated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] Rg. 1 shows a schematic constitution of a heat treatment apparatus according to an embodiment of the present 
invention. 

[0043] Rg. 2 shows a flow chart illustrating a temperature control method according to the present invention. 

[0044] Fig. 3 shows a schematic illustration of the measurement of a temperature profile. 

[0045] Rg. 4 shows the temperature profile. 

[0046] Rg. 5 shows an illustration of a glass substrate modeling. 

[0047] Rgs. 6 respectively show the temperature profile and measuring points. 

[0048] Rg. 7 shows the measured temperature profile and a desired temperature profile. 

[0049] Fig. 8 shows a block diagram of a temperature adjusting device. 

[0050] Fig. 9 shows the measured temperature profile and a desired temperature profile according to another embod- 
iment of the present invention corresponding to Fig. 7. 

DETAILED DESCRIPTION OF THE INVENTION 

[0051] Hereinafter, preferred embodiments of the present invention are described in detail referring to the drawings. 
[0052] (AN EMBODIMENT) 

Fig. 1 shows a schematic constitution of a heat treatment apparatus comprising atemperature adjusting device according 
to an embodiment of the present invention. 

[0053] A heat treatment apparatus 1 according to the embodiment applies a heat treatment to a glass substrate 2 as 
an object to be heat-treated in a continuous furnace 3. The continuous furnace 3 comprises first through third furnaces 
3t - 33 constituting a plurality of heat-treatment zones continuous in the horizontal direction. The first through third 
furnaces 3 n - 3 3 are respectively provided with a temperature sensor and a heater not shown. Outputs of the temperature 
sensors are applied to temperature adjusting devices 4^ - 43 respectively corresponding to the furnaces 3 1 - 3 3 . The 
temperature adjusting devices 4, - 4 3 control the conduction of the heaters of the furnaces 3 1 - 3 3 . 
[0054] The temperature adjusting devices 4, - 4 3 control the conduction of the heaters respectively provided in the 
furnaces 3, - 3 3 based on a difference between preset temperatures (targeted temperatures) of the respective furnaces 
3 1 - 3 3 set by an upper device or a setting device, not shown, and detected temperatures of the respective furnaces 3, 
- 3 3 by the temperature sensors. 

[0055] The glass substrate 2 subjected to the heat treatment in the continuous furnace 3 is conveyed in the continuous 
furnace 3 by a belt conveyer 5 at a constant speed in a direction shown by an arrow A to be heat-treated. 
[0056] In the foregoing heat treatment of the glass substrate 2, it is necessary to control the temperatures of the 
furnaces 3 1 - 3 3 so that a temperature profile representing how a temperature of the glass substrate 2 conveyed and 
moved in the continuous furnace 3 changes over time corresponds to a desired temperature profile. Accordingly, it 
becomes necessary to adjust the preset temperatures of the temperature adjusting devices 4 y - 4 3 respectively corre- 
sponding to the furnaces 3, - 3 3 . 

[0057] According to the present embodiment, the following process is adopted so that the adjustment of the preset 
temperatures can be facilitated instead of a conventional trial-and-error approach which depends on an experience and 
a technical intuition of an operator. 

[0058] In a temperature control method according to the present embodiment, first, a degree of interference on how 
the temperature of the glass substrate 2 is changed at a plurality of measuring points in the continuous furnace 3 when 
the glass substrate 2 is conveyed and moved in the continuous furnace 3 at the constant speed to be heat-treated in a 
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state where the preset temperatures of the respective furnaces 3 1 - 3 3 are changed and reset is obtained in advance. 
[0059] The measuring point refers to a position of the glass substrate 2 at which the temperature in the continuous 
furnace 3 is planned to be measured, which consequently corresponds to a time point when the temperature is planned 
to be measured in the temperature profile representing the temperature variation of the glass substrate 2 over time. 
[0060] A time point when it is highly necessary for the temperature of the glass substrate 2 to correspond to the 
temperature of the desired temperature profile is preferably selected as the measuring point. For example, as described 
later, a measuring point during a period when the glass substrate 2 passes through the first furnace 3 V a measuring 
point during a period when the glass substrate 2 passes through the second furnace 3 2 , and a measuring point during 
a period when the glass substrate 2 passes through the third 3 3 , which are three measuring points in total, may be selected. 
[0061] The degree of interference refers to a degree of influence that the temperature of the glass substrate at each 
of the plurality of measuring points in the furnace 3 undergoes due to a thermal interference among the furnaces 3 1 - 
3 3 when the preset temperatures of the furnaces 3 1 - 3 3 are changed. 

[0062] Next, correction values for the preset temperatures of the furnaces 3 1 -3 3 are calculated so that the temperatures 
of the glass substrate 2 atthe plurality of measuring points correspond to the temperatures at the corresponding measuring 
points in the desired temperature profile based on the degree of interference obtained in advance. 
[0063] More specifically, how the preset temperatures of the furnaces 3 1 - 3 3 should be changed so that the temper- 
atures of the glass substrate 2 at the plurality of measuring points correspond to the temperatures of the desired tem- 
perature profile is calculated in the form of the correction value based on the degree of interference showing the tem- 
perature variation of the glass substrate 2 at the plurality of measuring points relative to the variation of the preset 
temperatures of the furnaces 3 1 - 3 3 . 

[0064] More specifically, in order to obtain the degree of interference, the temperature profile may be obtained in such 
manner that, first, the glass substrate 2 is run in the continuous furnace 3 so as to measure the temperature profile in 
a state where the preset temperature of the first furnace 3 n is actually changed and reset, next, the glass substrate 2 is 
run in the continuous furnace 3 so as to measure the temperature profile in a state where the preset temperature of the 
second furnace 3 2 is actually changed and reset, and then, the glass substrate 2 is run in the continuous furnace 3 so 
as to measure the temperature profile in a state where the preset temperature of the third furnace 3 3 is actually changed 
and reset. 

[0065] However, if the continuous furnace 3 has a long dimension and comprises a large number of furnaces constituting 
the continuous furnace 3, a large number of processing steps is required, which is not practical. 
[0066] Therefore, in the present embodiment, a system including the continuous furnace 3 and the glass substrate 2 
as the object to be heat-treated is subjected to a modeling process, and a model of the system thereby obtained is used 
to as to obtain the degree of interference. 

[0067] More specifically, according to the present embodiment, as shown in Fig. 2, a test glass substrate 2 provided 
with a temperature sensor is moved in the continuous furnace 3 at a constant speed to be heat-treated in the same 
manner as in the actual operation so that the temperature profile is measured (step n1), the system including the 
continuous furnace 3 and the glass substrate 2 is modeled based on the temperature profile of the glass substrate 2, 
and the model of the system thereby obtained is used to obtain the degree of interference on how the temperature of 
the glass substrate 2 is changed at the plurality of measuring points in the continuous furnace 3 when the preset 
temperatures of the furnaces 3 1 - 3 3 are changed (step n2). 

[006S] Next, based on the obtained degree of interference, a correction value for correcting at least one of the preset 
temperature and the detected temperature is calculated so that the temperature of the glass substrate 2 corresponds 
to the temperature of the desired temperature profile at each of the plurality of measuring points (step n3). Then, at least 
one of the preset temperature and the detected temperature is corrected based on the calculated correction value in 
the actual operation (step n4). 

[0069] Fig. 3 shows an exemplary schematic constitution of the heat treatment apparatus for calculating the correction 
value by measuring the degree of interference, wherein any component corresponding to Fig. 1 is denoted by the same 
reference numeral. Referring to reference numerals shown in Fig. 3, 2 denote a test glass substrate provided with a 
temperature sensor, 6 denotes a temperature logger for measuring the temperature of the test glass substrate 2, and 
7 denotes an upper device as a correction device for an PLC (programmable logic controller) and a personal computer 
which is connected to the temperature logger 6 and the temperature adjusting devices 4 1 - 4 3 . The upper device 7 can 
change the preset temperatures of the respective temperature adjusting devices 4 1 - 4 3 through the communication with 
the temperature logger 6 and the temperature adjusting devices 4., - 4 3 and measure the temperature of the glass 
substrate 2. The upper device 7 and the temperature adjusting devices 4 , - 4 3 constitute the temperature control apparatus 
according to the present invention. 

[0070] According to the present embodiment, the upper device 7 comprises a microcomputer, and executes a program 
according to the present invention stored in a ROM of the microcomputer to thereby model the system including the 
continuous furnace 3 and the glass substrate 2. The upper device 7 then obtains the degree of interference using the 
model, calculates the correction values based on the degree of interference as described later, and sets and stores the 
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calculated correction values respectively in the temperature adjusting devices 4 1 - 4 3 . 

[0071] According to the present embodiment, the system is modeled in such manner that the degree of influence to 
which the temperature of the glass substrate 2 is subjected at each of the plurality of measuring points in the continuous 
furnace 3 due to the interference among the furnaces 3, - 3 3 generated when the preset temperatures of the respective 
furnaces 3 1 - 3g are changed can be estimated by means of the model of the system including the continuous furnace 
3 and the glass substrate 2. 

[0072] In order to perform the modeling described above, the test glass substrate 2 provided with the temperature 
sensor is moved in the continuous furnace 3 at a constant speed to be heat-treated in the same manner as in the actual 
operation so that the temperature profile is measured. More specifically, the test glass substrate 2 is moved in the 
continuous furnace 3 at the constant speed to be heat-treated in a state where the temperatures of the respective 
furnaces 3 1 - 3 3 are controlled to set to a certain temperature so that the temperature profile is measured, for example, 
as shown in Fig. 4. 

[0073] in Fig. 4, reference symbols r1 - r3 denote the preset temperatures of the respective furnaces 3 1 - 3 3 . The 
preset temperatures r1 - r3 of the respective furnaces 3 n - 3% are preferably set so that a temperature profile relatively 
approximate to the desired temperature profile is obtained, however, may be arbitrarily set. 

[0074] Next, data of the temperature profile and data of the preset temperatures of the respective furnaces 3 1 - 3g are 
used so as to generate a model 8 of the system including the continuous furnace 3 and the glass substrate 2 as shown 
in Fig. 5. 

[0075] As the model 8 is used an ARX model expressed by the following expression, and parameters a and p are 

obtained by means of the least squares method. 

[0076] 



a (q) y(k) = (3 (q) u(k) 

provided that a, model parameters 
q: shift operator 

u(k): chronological data of furnace preset temperature 
y(k): chronological data of glass substrate temperature 
k:0, 1,2,3, ... 

A sampling period is, for example, 0.5 seconds. 

[0077] The chronological data u(k) of the preset temperatures of the furnaces constantly stays at the preset temper- 
atures of the respective furnaces 3 1 - 3 3 during the periods when the glass substrate 2 passes through the respective 
furnaces 3 1 - 3 3 . For example, the chronological data u (k) of the preset temperatures of the furnaces during the period 
when the glass substrate 2 passes through the first furnace 3 1 stays at the preset temperature r1 of the first furnace 3 V 
[0078] Thus, the parameters a and P are estimated from the chronological data u(k) of the preset temperatures of the 
furnaces as the input data and the chronological data y(k) of the temperatures of the glass substrate as the output data 
by means of the least squares method, and the model 8 is thereby generated. 

[0079] When the model 8 of the system is used, the temperature of the glass substrate 2 at each of the plurality of 
measuring points in the continuous furnace 3 can be estimated based on the preset temperatures of the respective 
furnaces 3 1 - 33. 

[0080] According to the present embodiment, the degree of influence that the temperature of the glass substrate 2 at 
each of the plurality of measuring points in the continuous furnace 3 undergoes when the preset temperatures of the 
respective furnaces 3 1 - 3 3 are changed, that is the degree of interference, is obtained as follows. 
[0081] The temperatures of the glass substrate 2 at the plurality of measuring points given that the preset temperatures 
r1 - r3 of the respective furnaces 3^ - 3 3 are reset to T°C and the glass substrate 2 is moved in the continuous furnace 
3 at a constant speed, for example, the temperatures of the glass substrate 2 at first through third measuring points PI 
- P3 shown in Fig. 6, are previously estimated based on the model 8. 

[0082] Next, as shown in Fig. 6A, the temperatures of the glass substrate 2 at the first through third measuring points 
P1 - P3 given that the preset temperature r1 of the first furnace 3^ is changed from T°C by Aa1 , for example, by 1 (C, 
the preset temperatures r2 and r3 of the second and third furnaces 32 and 33 are respectively reset to T(C, and the 
glass substrate 2 is moved in the continuous furnace 3 are estimated based on the model 8. Then, temperature variations 
c11, c12 and c13 in comparison to the temperatures of the glass substrate 2 at the first through third measuring points 
P1 - P3 previously estimated prior to the change of the preset temperature r1 are estimated. 

[0083] In the same manner, as shown in Fig. 6B, the temperatures of the glass substrate 2 at the first through third 
measuring points P1 - P3 given that the preset temperature r2 of the second furnace 32 is changed from T{C by Aa2, 
for example, by 1 (C, the preset temperatures rt and r3 of the first and third furnaces 31 and 33 are respectively reset 
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to T(C, and the glass substrate 2 Is moved In the continuous furnace 3 are estimated based on the model 8. Then, 
temperature variations c21 , c22 and c23 in comparison to the temperatures of the glass substrate 2 at the first through 
thirdmeasuring points P1 - P3 previously estimated prior to the change of the preset temperature r2 are estimated. 
[0084] Further, as shown in Fig. 6 (c), the temperatures of the glass substrate 2 at the first through third measuring 
points P1 - P3 given that the preset temperature r3 of the first furnace 3 3 is changed from T°C by Aa3, for example, by 
1 °C, the preset temperatures r1 and r2 of the first and second furnaces 3 1 and 3 2 are respectively set to T°C, and the 
glass substrate 2 is moved in the continuous furnace 3 are estimated based on the model 8. Then, temperature variations 
c31 , c32 and c33 in comparison to the temperatures of the glass substrate 2 at the first through third measuring points 
P1 - P3 previously estimated prior to the change of the preset temperature r3 are estimated. 

[0085] When the preset temperatures r1 - r3 of the respective furnaces 3, - 3 3 are thus changed, the following matrix 
showing the temperature variation of the glass substrate 2 at the first through third measuring points P1 - P3 in the 
continuous furnace 3, that is the degree of interference, due to the interference generated among the respective furnaces 
3 1 - 3 3 can be obtained. 
[0086] 
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Then, when the variations of the preset temperatures r1 - r3 of the respective furnaces 3 1 - 3 3 in the continuous furnace 
3 are denoted by Aa1 - Aa3, and the variations of the temperatures of the glass substrate 2 at the first through third 
measuring points P1 - P3 are denoted by Ab1 - Ab3, the following relational expression is realized. 
[0087] 
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Next is described the correction of the preset temperatures M - r3 of the respective furnaces 3 1 - 3 3 in order to heat- 
treat the glass substrate 2 so that the temperature thereof corresponds to the temperature of the desired temperature 
profile using the matrix showing the degree of interference thus obtained. 

[0088] First, the preset temperatures r1 - r3 of the respective furnaces 3 n - 3 3 are set, and the test glass substrate 2 
is moved in the continuous furnace 3 to be heat-treated so that a temperature profile L1 is measured as shown in Fig. 
7. The preset temperatures n - r3 of the respective furnaces 3 t - 3 3 are preferably set so that the temperature profile 
relatively approximate to the desired temperature profile is obtained, however, may be arbitrarily set. 
[0089] Then, provided that respective differences between the measured temperatures of the obtained temperature 
profile L1 at the first through third measuring points P1 - P3 and corresponding temperatures of a desired temperature 
profile L2 are Ab1 - Ab3, the correction values Aa1 - Aa3 for the preset temperatures r1 - r3 of the respective furnaces 
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3, - 3 3 or the detected temperatures (inputted temperatures) of the respective furnaces 3 t - 3 3 inputted to the temperature 
adjusting devices 4, - 43 should be obtained in such manner that the temperature differences Ab1 - Ab3 can be reduced. 
[0090] As the temperature profile L1 may be used the temperature profile shown in Fig. 4, which is previously measured 
in order to model the system including the continuous furnace 3 and the glass substrate 2. 

[0091] The correction values Aa1 - Aa3 can be calculated in the following expression by means of an inverse matrix 

of the matrix representing the degree of interference. 

[0092] 
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When the foregoing expression 3 is worked out, the correction value, which was conventionally adjusted in the trial-and- 
error approach, can be easily calculated. 

[0093] Alternatively, the calculated correction values are added to the preset temperatures r1 - r3 of the respective 
furnaces 3 t - 3 3 or the detected temperatures of the respective furnaces 3 1 - 3g inputted to the temperature adjusting 
devices 4, - 4 3 for the correction. As a result, the values of the temperature differences in comparison to the temperatures 
of the desired temperature profile can be inversely calculated by means of the matrix. 

[0094] The number of the measuring points is three in the foregoing description, however, is not limited to the number 
and may be arbitrarily determined. 

[0095] The correction values thus calculated in the upper device 7 are respectively transmitted to the corresponding 
temperature adjusting devices 4 n - 4 3 and set therein. 

[0096] Therefore, the adjustment operation for correcting the preset temperatures or the detected temperatures no 
longer depends on the experience of the operator and demands the trial-and-error approach and can be automated. 
[0097] The operator may correct the preset temperatures or the detected temperatures (inputted temperatures) of the 
temperature adjusting devices 4., - 4 3 based on the correction values calculated in the upper device 7. 
[0098] Fig. 8 shows a block diagram of the temperature adjusting devices 4, - 4 3 according to the present embodiment. 
[0099] The temperature adjusting devices 4 n - 4 3 respectively comprise a preset temperature correcting section 9 for 
correcting the preset temperature. The preset temperature correcting sections 9 store therein the respective correction 
vaJues calculated in the upper device 7 as described, and add the correction values to the preset temperatures r1 - r3 
and output a result of the addition. 

[0100] Therefore, a PID operation is executed in each PID control section 1 0 so as to output a manipulated variable 
MV based on the respective differences between the detected temperatures and the preset temperatures to which the 
correction values are added. Then, the conduction of the heaters provided in the respective furnaces 3., - 3 3 is controlled 
so that the glass substrate 2 is heat-treated at the temperatures of the temperature profile. , 
[0101] The preset temperature correcting section 9 and the PID control section 10 comprises, for example a micro- 
computer. 

[0102] (ANOTHER EMBODIMENT) 

In the foregoing embodiment, as shown in Fig. 7, the temperature differences between the temperatures of the temper- 
ature profile L1 measured at the first through third measuring points P1 - P3 and the corresponding temperatures of the 
desired temperature profile L2 are denoted by Ab1 - Ab3. In another embodiment, though the accuracy of the correction 
is slightly lessened, differences between an initial temperature TO of the glass substrate 2 prior to the heat treatment, 
for example 30 (C, and the corresponding temperatures of the desired temperature profile L2 at the measuring points 
P1 - P3 may be denoted by Ab1 - Ab3 as shown in Fig. 9. 

[0103] In the foregoing embodiment, the glass substrate is provided with one temperature sensor in order to measure 
the temperature at only one point of the glass substrate, however, temperatures at a plurality of points in a surface of 
the glass substrate may be measured. For example, when the temperatures at three points in the surface of the glass 
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substrate are measured, the number of the temperature profiles and the models are three in response to the number of 
the measuring points. In that case, when the measurement at each of the three points in the surface of the glass substrate 
is implemented, for example, at the respective measuring points P1 - P3, the temperature is consequently measured at 
3(3 = 9 measuring points. Thus, the number of the measuring points is increased in comparison to the three points at 
which the temperature of the continuous furnace comprising three furnaces can be set. As a result, the matrix of 3(3 
representing the degree of interference is increased to the matrix of 9 (3, which makes it difficult to obtain an inverse 
matrix thereof. In order to deal with the problem, a pseudo inverse matrix can be obtained in place of the inverse matrix. 
[0104] In the foregoing embodiment the glass substrate is moved in the continuous furnace at the constant speed to 
be heat-treated, however, the speed at which the glass substrate is moved in the continuous furnace may be changed 
forthe heat treatment. In such a case, the speed of the movement of the glass substrate is changed orthe measurement 
in the same manner as in the heat treatment when the chronological data relating to the temperature of the glass substrate 
forthe modeling is measured. 

[0105] The number of the heat-treatment zones is three in the description of the foregoing embodiment, however it 
is needless to say that it is not limited to three. 

[0106] The glass substrate is subjected to the heat treatment in the description of the foregoing embodiment, however, 
the heat treatment may be applied to a semiconductor substrate or some other object. 

[0107] The heater is used in the heat treatment in the description of the foregoing embodiment, however, a cooling 
treatment, in which a Peltier element or a cooling device is used, is applicable. Further, a temperature control operation, 
in which the heating and cooling treatments are combined, is also applicable. 

[0108] The heat-treatment zone may be controlled in its airflow and the like in addition to its temperature. 
[0109] The present invention is effectively applied to a temperature control apparatus and a heat treatment apparatus. 

Claims 

1 . A temperature control method for controlling temperatures of a plurality of heat-treatment zones in a heat treatment 
applied to an object to be heat-treated while the object is moved in a plurality of continuous heat-treatment zones 
wherein 

a correction value for correcting at least one of a targeted temperature and a detected temperature of each of the 
30 heat-treatment zones is calculated based on a difference between a temperature of the object and a temperature 

of a desired temperature profile. 

2. A temperature control method as claimed in Claim 1 , wherein 

the temperature of the objectto be heat-treated is a temperature measured at each of a plurality of measuring points 
35 while the object is moved in the plurality of heat-treatment zones. 

3. A temperature control method as claimed in Claim 2, comprising: 

a first step for applying the heat treatment by moving the object to be heat-treated in the plurality of heat- 
40 treatment zones and measuring the temperature of the object; 

a second step for obtaining a degree of interference between the heat-treatment zones at each of the plurality 
of measuring points of the object when the targeted temperature is changed based on the measured temperature 
of the object; and 

a third step for calculating the correction value based on the obtained degree of interference. 

4. A temperature control method as claimed in Claim 3, further comprising a fourth step for correcting at least one of 
the targeted temperature and the detected temperature based on the calculated correction value. 

5. A temperature control method as claimed in Claim 3 or 4, wherein 
a matrix showing a relation between a variation of the targeted temperature and a temperature variation of the object 
to be heat-treated at the plurality of measuring points is obtained based on the measured temperature of the object 
in the second step, and 

the correction value is calculated by means of an inverse matrix of the matrix in the third step. 

6. A temperature control method as claimed in Claim 5, wherein 
a model including the heat-treatment zones and the object to be heat-treated is generated based on the targeted 
temperature of each of the heat-treatment zones and the measured temperature of the object so that the matrix can 
be obtained by means of the generated model in the second step. 



45 



50 



55 



10 



EP 1 681 526 A2 



7. A temperature control apparatus comprising: 

a temperature adjusting device for controlling temperatures of a plurality of continuous heat-treatment zones 
in a heat treatment applied to an object to be heat-treated while the object is moved in the plurality of heat- 
treatment zones; and 

a correcting device for calculating a correction value based on a difference between a temperature of the object 
and a temperature of a desired temperature profile, wherein 

the temperature adjusting device controls the temperatures of the respective heat-treatment zones based on 
a targeted temperature and a detected temperature of each of the heat-treatment zones and corrects at least 
one of the targeted temperature and the detected temperature based on the correction value. 

8. A temperature control apparatus as claimed in Claim 7, wherein 

the temperature of the heat-treatment object is a temperature measured at each of a plurality of measuring points 
while the object is moved in the plurality of continuous heat-treatment zones. 

9. A temperature control apparatus as claimed in Claim 8, wherein 

the correction device calculates the correction value based on a degree of interference between the heat-treatment 
zones at each of the plurality of measuring points of the object to be heat-treated when the targeted temperature is 
changed. 

10. A temperature control apparatus as claimed in Claim 9, wherein 

the correction device obtains a matrix showing a relation between a variation of the targeted temperature and a 
temperature variation of the object to be heat-treated at the plurality of measuring points based on the measured 
temperatures of the obj ect while the object is moved in the plurality of heat-treatment zones and calculates the 
correction value using an inverse matrix of the matrix. 

11. A temperature control apparatus as claimed in Claim 10, wherein 

the correction device comprises a model including the heat-treatment zones and the object to be heat-treated 
obtained based on the targeted temperature of each of the heat-treatment zones and the measured temperature of 
the object, wherein the matrix is obtained by means of the model. 

12. A heat treatment apparatus comprising: 

the temperature control apparatus as claimed in any one of Claims 7 through 11; and 

a continuous processing device comprising a plurality of continuous heat-treatment zones and subjected to a 
temperature control by the temperature control apparatus. 

13. A program used in a temperature control for controlling temperatures of a plurality of continuous heat-treatment 
zones in a heat treatment applied to an object to be heat-treated while the obj ect is moved in the heat-treatment 
zones, the program making a computer execute the following steps: 

a first step for inputting a temperature data of the object to be heat-treated measured in the heat treatment 
applied while the object is moved in the plurality of heat-treatment zones; 

a second step for obtaining a degree of interference between the heat-treatment zones at each of a plurality of 
measuring points of the obj ect to be heat-treated when a targeted temperature of each of the heat-treatment 
zones is changed based on the inputted temperature data of the object; and 

a third step for calculating a correction value for correcting at least one of the targeted temperature and a 
detected temperature of each of the heat-treatment zones based on the degree of interference and a difference 
between a temperature of the object to be heat-treated and a temperature of a desired temperature profile. 
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Fig. 2 
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Fig. 3 
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Fig. 7 
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Fig. 7 
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